Introduction: Climate change will either improve, reduce, or shift its appropriate climatic habitat of a particular species, which could result in shifts from its geographical range. Predicting the potential distribution through MaxEnt modeling has been developed as an appropriate tool for assessing habitat distribution and resource conservation to protect bamboo species. Methods: Our objective is to model the current and future distribution of Oxytenanthera abyssinica (A. Richard) based on three representative concentration pathways (RCP) (RCP2.6, RCP4.5, and RCP8.5) for 2050s and 2070s using a maximum entropy model (MaxEnt) in Northern Ethiopia. For modeling procedure, 77 occurrence records and 11 variables were retained to simulate the current and future distributions of Oxytenanthera abyssinica in Northern Ethiopia. To evaluate the performance of the model, the area under the receiver operating characteristic (ROC) curve (AUC) was used. Results: All of the AUCs (area under curves) were greater than 0.900, thereby placing these models in the "excellent" category. The jackknife test also showed that precipitation of the coldest quarter (Bio19) and precipitation of the warmest quarter (Bio18) contributed 66.8% and 54.7% to the model. From the area of current distribution, 1367.51 km 2 (2.52%), 7226.28 km 2 (13.29%), and 5377.26 km 2 (9.89%) of the study area were recognized as high, good, and moderate potential habitats of Oxytenanthera abyssinica in Northern Ethiopia, and the high potential area was mainly concentrated in Tanqua Abergele (0.70%), Kola Temben (0.65%), Tselemti (0.60%), and Tsegede (0.31%). Kafta Humera was also the largest good potential area, which accounts for 2.75%. Compared to the current distribution, the total area of the high potential regions and good potential regions for Oxytenanthera abyssinica under the three RCPs (RCP2.6, RCP4.5, and RCP8.5) would increase in the 2050s and 2070s. However, the total area of the least potential regions under the three RCPs (RCP2.6, RCP4.5, and RCP8.5) in 2050s and 2070s would decrease. Conclusion: This study can provide vital information for the protection, management, and sustainable use of Oxytenanthera abyssinica, the resource to address the global climate challenges.
Introduction
Bamboo plants grow in the tropical and temperate regions, with predominance in Southeast Asia (Banik 1985) . There are more than 1500 species of bamboo in the globe (Ohrnberger 1999) , covering more than 14 million ha of land. About 40 of these species occur naturally or have been introduced in Africa, with an area of more than 1.5 million ha of land (Kigomo 1988) , and two of these species are indigenous to Ethiopia: Oxytenanthera abyssinica (A. Richard) (lowland bamboo) and Arundinaria alpina (K. Schum.) (highland bamboo). The natural forest of bamboo in Ethiopian covers around 1 million ha, about 7% of the total forest cover of bamboo in the world and 67% of African bamboo forest area (Embaye 2003) . About 130,000 ha of Arundinaria alpina and about 850,000 ha of Oxytenanthera abyssinica are found scattered in the northern, south, south-west, and central parts of Ethiopia. They were in natural forest conditions that were more or less pure, completely distributed. However, for agricultural land expansion, they are being cleaned at an accelerating rate, burned to promote more tender grass growth for grazing and destroy supposedly damaging insects. Large plantations of coffee and tea and metropolitan expansion also emerge as actual and potential threats (Embaye 2003) . Sustained availability and utilization can be ensured by proactive bamboo cultivation (Shanmughavel and Francis 1995) .
Bamboo is important for socio-economic growth potential (Baghel et al. 1998 , Perez et al. 1999 ) and environmental protection (Bystriakova et al. 2004) . It can be also used as an agroforestry species, for house building, for animal feed, for human consumption (Christanty et al. 1997) , for soil fertility maintenance (Gebrewahid et al. 2019) , as a source of cash revenue, and as a medicine for the treatment of many disease types (Yuming et al. 2004 ). The forest of bamboo is also a source of wood for furnishings, pulp, particleboard, and bioenergy (Embaye 2000) .
In order to know the overall distribution trends and to protect Oxytenanthera abyssinica species, it is important to examine important environmental variables affecting their natural distribution. This data can then be used to determine appropriate places to protect the habitat. Our objective was therefore to define the potential distribution of Oxytenanthera abyssinica and environmental constraints using MaxEnt in Northern Ethiopia. This research concentrated primarily on the following strategy: (1) Oxytenanthera abyssinica's dominant environmental factors were selected to develop a model, (2) identification of the present potential regions for cultivation and conservation of Oxytenanthera abyssinica by current bioclimatic factors, and (3) model-based predictions were predicted for potential distributions of Oxytenanthera abyssinica under multiple future climate scenarios.
Materials and methods

Study species
Oxytenanthera abyssinica (Poaceae) is prominent in river basins and locally on the western part of the central highlands in dry and moist Kolla agroclimatic areas of Benishagul Gumuz and Western Tigray from 1200 to 1800 m above sea level (Bekele-Tesemma and Tengnäs 2007). The species is categorized to tall grass with woody culms and a height of 13 m (Phillips 1995) , unusual for a solid stem with a diameter of up to 10 cm at the base (Bekele-Tesemma and Tengnäs, 2007, Bein et al. 1996) . The annual rainfall ranges from approximately 700 to 1000 mm, concentrated over a range of 3 to 4 months at an average annual temperature above 30°C (UNIDO 2009 ). The species adapts widely to low fertile soils and provides to desert regions as a buffer area (UNIDO 2009 ). This species flowering happens approximately every 7 years, and then, the clumps disappear but grow up from the rhizomes 1 year later (Bekele-Tesemma and Tengnäs 2007).
Species occurrence and environmental data
A total of 77 locations with Oxytenanthera abyssinica occurrence were recorded during 2018-2019 using the Global Positioning System (GPS) and field surveys. All present data have been entered into Microsoft Excel and saved as format "CSV." The most significant factors in identifying environmental niches of species are bioclimatic factors. The 19 bioclimatic variables resulted from the long-term recording of monthly rainfall and temperature value (Hijmans et al. 2005) . The data had a spatial resolution of approximately 1 km 2 (30 s) and was downloaded from the WorldClim dataset (www. worldclim.org). General Circulation Model (GCM) Representative Climate Community Climate System Model version 4 (CCSM4) was used to estimate the impacts of the future climate on Oxytenanthera abyssinica. To test Oxytenanthera abyssinica habitat suitability ranges in the 2050s (2041-2060) and 2070s (2061-2080), RCP2.6 (the minimum scenario for GHG emissions), RCP4.5 (the intermediate scenario for GHG emissions), and RCP8.5 (the highest scenario for GHG emissions) were used. In total, 19 bioclimatic variables (Bio1-Bio19) and 2 topographical factors (slope and altitude) were used to identify factors with the biggest influences on distribution of Oxytenanthera abyssinica (Table 1) . Using ArcGIS software version 10.3, the Advanced Space-borne Thermal Emission and Reflection Radiometer Digital Elevation Model (Aster DEM) information was used to produce slope maps and the Aster DEM variable with 30 m spatial resolution was downloaded from Geospatial Data Cloud (http://www.gscloud.cn/). The Pearson correlation coefficient was used to account for multicollinearity between the bioclimatic (Bio1-Bio19) and topographic (elevation and slope) variable factors (Elith et al. 2006 , Stohlgren et al. 2011 . In order to determine and exclude extremely correlated variables, removing all the variables with correlation coefficient < 0.8 (Elith et al. 2010 ) was used as a cutoff limit to minimize the effect of multicollinearity and model overfitting (Wang et al. 2018 ) and maintain 11 variables below this threshold to simulate Oxytenanthera abyssinica current and future outcomes in Northern Ethiopia ( Table 2 ). The contribution percentage and permutation importance are significant factors that assess the environmental variable importance. Permutation importance rather than the path is used in an individual run-up to the final results of the model and therefore is easier for assessing the significance of a particular variable (Songer et al. 2012 ).
Data analysis
MaxEnt is now a popular species distribution modeling (SDM) instrument used to predict species distribution (Fourcade et al. 2014 ) and classified as a background activity technique (presence information only). It uses the maximum entropy algorithm and incidence of species to estimate the likelihood of incidence of species in unidentified event regions (Phillips 2006 ). This technique is not susceptible to sample size and in comparison to environmental variables can produce species response curves (Khanum et al. 2013) . Independent data collected from sites other than those used to train the model are essential to evaluate the predictive performance of the model. Therefore, species occurrence information for model calibration was divided into a training set (75% of total occurrence records) and test set (25% of total occurrence records) for design assessment. All environmental factors have been converted to the same pixel size (30 m) and projection (meter) ASCII raster grids format. The modeling process is chosen for linear and quadratic features. The model generated was evaluated by calculating the AUC of the receiver operating characteristic (ROC) plot (Phillips 2006) . The AUC is a model performance measure and ranges between 0 and 1, and perfect discrimination shows a value of 1 (Fielding and Bell 1997) . The AUC was an efficient autonomous threshold index capable of evaluating the ability of a model to discriminate presence from absence. AUC scores could be divided into five categories (Swets 1988) . AUC < 0.5 describes models that are less than chance and rarely occur in reality. An AUC of 0.5 is a pure guess. Model performance is classified as failing (0.5 to 0.6), bad (0.6 to 0.7), reasonable (0.7 to 0.8), good (0.8 to 0.9), or great (0.9 to 1) (Swets 1988 ). The jackknife test (systematically excluding each variable) was used to assess the dominant environmental variables that determined the species potential distribution (Yang et al. 2013) . Species response curves were created to investigate the relationship between target species habitat suitability and environmental factors. The prospective species distribution chart generated had values ranging from 0 to 1. These values have been grouped into four groups: high potential (> 0.6), good potential (0.4-0.6), moderate potential (0.2-0.4), and low potential (< 0.2) (Yang et al. 2013) .
Results
Evaluations of the model and its importance to variables under current climatic condition
The calibration of the model for Oxytenanthera abyssinica was satisfactory (AUCmean = 0.903, Fig.   1 ). The findings indicated that Oxytenanthera abyssinica current distribution characterized by the selected variables is excellent. The test of the jackknife indicates the distribution of Oxytenanthera abyssinica was mainly influenced by the coldest quarter precipitation (Bio19) and warmest quarter precipitation (Bio18) and contributed 42.0% and 24.8% to the MaxEnt model (Fig. 2) . The species habitat model was also collectively contributed by nine other layers of environmental factors of 32.3% and two topographic factors of 6.5% ( Fig. 2 and Table 3 ). In consideration of the permutation importance, precipitation of the coldest quarter (Bio19) had the highest impact on the habitat model and contributed 33.3%, while precipitation of the warmest quarter (Bio18) and isothermality (Bio3) together contributed 32.9% (Table 3) . Species response curve depicts the relationship between environmental variables and the probability of species incidence; they show biological tolerances for target species and habitat preferences. Based on the species response curves acquired, Oxytenanthera abyssinica prefers the coldest quarter precipitation ranges from 700 to 780 mm, warmest quarter precipitation ranges from 10 to 45 mm, isothermal ranges from 76 to 77°C, driest quarter precipitation ranges from 80 to 150 mm, and seasonal precipitation ranges from 145 to 155 mm ( Fig. 3) .
Current potential distribution of Oxytenanthera abyssinica
Species distribution maps indicated that 2.52%, 13.29%, and 9.89% of the study area respectively were identified as high, good, and moderate potential habitats of Oxytenanthera abyssinica in Northern Ethiopia (Table 4 and Fig. 4 ). Apparently, mainly in Central and Northwestern Tigray were identified as the high distribution areas. In addition, Oxytenanthera abyssinica's ecologically good distribution areas were mainly situated in lowland areas of West and Northwest of Tigray. The average of Oxytenanthera abyssinica's high distribution region was estimated 1367.51 km 2 (2.52%), while the good and moderate distributed regions were about 7226.28 (13.29%) and 5377.26 km 2 (9.89%).
Model evaluations and its importance to variables under different scenarios
The AUC values for 2050s RCP 2.6, 2070s RCP 2.6, 2050s RCP 4.5, 2070s RCP 4.5, 2050s RCP 8.5, and 2070s RCP 8.5 were respectively 0.887, 0.892, 0.915, 913, 0.908, and 0.924, indicating that the expected findings were very accurate. By selecting the option "Do jackknife to measure important variable" (Jackknife), the percentage contribution values of each ecological factor (Table 3) were obtained, which were defined only heuristically and depended on the specific path used by the MaxEnt code to obtain the optimal solution. The model also referred to the impact of environmental factors in determining the optimal parameters of the environment (Fig. 5) . The jackknife test reveals that the distribution of Oxytenanthera abyssinica was mainly influenced by the coldest quarter precipitation (Bio19) in all predictions which contributed 50.6%, 40.1%, 38.7%, 41.6%, 44%, and 45.2% for 2050s RCP 2.6, 2050s RCP 4.5, 2070s RCP 2.6, 2070s RCP 4.5, and 2070s RCP 8.5, respectively, to the MaxEnt model ( Fig. 5 ). According to the species response curves obtained, Oxytenanthera abyssinica prefers precipitation coldestquartered habitats which ranges from 700 to 860 mm, 730 to 900 mm, 650 to 870 mm, 810 to 910 
Future prediction potential distribution of Oxytenanthera abyssinica
Species distribution maps revealed that in the midcentury (2050), projections of RCP 2.6, RCP 4.5, and RCP 8.5 scenarios of the study area were identified as high potential habitats for Oxytenanthera abyssinica which were 3.21%, 5.52%, and 5.61% respectively (Table 7 and Fig. 6 ), and projections for high potential habitats of Oxytenanthera abyssinica in the end century (2070) scenarios of RCP 2.6, RCP 4.5, and RCP 8.5 were 3.68%, 5.79%, and 6.70%, respectively. MaxEnt's average future predictions for 2050 and 2070 (CCSM4 emission scenario) revealed an increment in suitable habitats of Oxytenanthera abyssinica in lowland sites of Central, Western, Northwestern, and Western areas of Tigray (Tables  5 and 6 ). In the mid-century (2050), the highest potential distribution area for Oxytenanthera abyssinica was dominated in Tanqua Abergele, Tsegeda, and Tselemti area in all RCP's (Table 5) , and in the end century (2070), Tanqua Abergele was the highest potential distribution area for Oxytenanthera abyssinica in all RCP's, whereas Teselemti and Asgede Tsimbla have the highest potential in RCP 2.6, Tselemti and Tsegedea have the highest potential in RCP 4.5, and Tsegede and Welkait have the highest potential in RCP 8.5 for distribution of Oxytenanthera abyssinica (Table 6 ). Future scenarios increase over the current distribution of Oxytenanthera abyssinica by 21.5% in 2050s RCP 2.6, 31.5% in 2070s RCP 2.6, 54.3% in 2050s RCP 4.5, 56.5% in 2070s RCP 4.5, 55.1% in 2050s RCP 8.5, and 62.4% in 2050s RCP 8.5 (Table 7) .
Discussion
Oxytenanthera abyssinica habitat suitability and their important environmental variables
Climate modeling of tree distribution has shown that future global climate change will have important effects on forest ecosystems (Hamann and Wang 2006, Wang et al. 2011) . Discrepancies exist between varying climate modeling models (Cheaib et al. 2012 ), but the strategy still acts as a significant study tool to assess and predict future changes in the distribution of species (Iverson and McKenzie 2013) . Oxytenanthera abyssinica is a threatened plant, and its population in its native areas has been steadily declining due to numerous human-induced threats, primarily habitat fragmentation and illegal harvesting (Embaye 2003) . In addition, economically significant species such as Oxytenanthera abyssinica are considered as an indication of environmental integrity and play a crucial part in the restoration of Northern Ethiopia's degraded ecosystem, and hence, its conservation is of the highest significance in the context of Northern Ethiopia's future predicted warming climate. Research showed a more detailed survey on the suitable habitat of Oxytenanthera abyssinica in Northern Ethiopia using the MaxEnt ecological niche modeling software that will help as a significant first stage in the development of strategies and policies to manage and use this important forest tree. Our models achieved AUC values of 0.903 which for models to be considered strong are within the acceptable range. Swets (1988) , Elith (2000) , and Pearce and Ferrier (2000) stated that AUC values above 0.75 might be helpful and appropriate in evaluating the performance of a niche model. After removing auto-correlated parameters (Table 1) , MaxEnt stated that three factors of precipitation (Bio17, Bio18, and Bio19), slope, and one temperature (Bio3) had 91.3% more contribution to the current distribution of Oxytenanthera abyssinica (Table  3 ). The main role in determining the potential distribution habitats of Oxytenanthera abyssinica is played by precipitation and temperature (Zhong et al. 2010) .
Changes in the distribution of Oxytenanthera abyssinica in the future Future model projections from the 2050s and 2070s obtained from the IPCC climate change scenario indicated that climate change would significantly affect this species distribution, but the particular impacts will differ from one location to another. Overall, in response to global warming, the model predicted that highly and good suitable habitats would be expanded in most areas, but these more suitable habitats will effectively reduce in a few particular places. In addition, in response to the predicted climate changes, the overall locations of the most favorable habitats would significantly shift in most woredas. Global warming promotes the growth of vegetation (Cao et al. 2004 , Xu et al. 2015 , and a simulation of the warming climate in Northern Ethiopia's hilly area found that temperature had a positive impact on the mountain steppe by accelerating the growing season's alpine process. However, a continuous increase in temperature had an adverse impact on plants (Xu and Xue 2013) . The moderate, good, and high potential of the overall landscape and areas with habitats suitable for Oxytenanthera abyssinica's survival in the RCP8.5 scenario was higher than in RCP2.6 and RCP 4.5 in both midcentury (the 2050s) and end-century (the 2070s). Therefore, an increase in temperature might be a cause shifting their habitat from the lower elevation to the higher elevation, and this leads to an increase in Oxytenanthera abyssinica's distribution in those If the establishment or expansion of the current areas is not viable due to financial, political, or cultural constraints, this study suggests that in such vulnerable environmental regions, collaborative Oxytenanthera abyssinica habitat conservation programs should be developed and implemented with grassroot assistance. Through some exemplary efforts, such as area closure programs, Tigray regional state is regarded as a leader in human-oriented conservation practice in the global arena. Rainfall is the main factor of Oxytenanthera abyssinica distribution, and such collaborative programs aimed at soil and water conservation will increase the habitat of Oxytenanthera abyssinica and support Oxytenanthera abyssinica in changing potential warming impacts. This not only helps Oxytenanthera abyssinica but also other economically important species in areas that are similarly vulnerable and may lose their habitat due to such unexpected warming. An appropriate strategy in this sense could be to implement socio-ecological frameworks for landscape planning and conservation that link human beings and their socio-culture and ecological mechanisms (Virapongse et al. 2016 , Lamsal et al. 2017 , Martín-López et al. 2017 .
There is uncertainty in the modeling of the distribution of species, primarily due to several basic assumptions of the model and gaps in potential changes in greenhouse gases (GHG) emissions. It should be observed that while MaxEnt is efficient in modeling species habitat niche with small occurrence data and restricted ecological information, the climate factors 2.6, c 2050s RCP 4.5, d 2070s RCP 4.5, e 2050s RCP 8.5, f 2070s RCP 8.5 used in this model may not adequately clarify the current and future distribution of species. Nonclimatic factors such as biotic interaction, species dispersal mode and ability, potential land-cover changes, and other anthropogenic factors have not been used in the model that might influence the results, and this is a limitation of the research. Although these species distribution models have many assumptions and uncertainties, such species distribution models still remain a critical data source for future suitability 6, RCP 4.5, RCP 8.5 and 2070s RCP 2.6, RCP 4.5, RCP 8.5 prediction in order to evaluate scientific adaptation strategies for offsetting future warming impact on biota at species, community, and ecosystem levels (Wiens et al. 2009 , Ackerly et al. 2010 .
Conclusion
This study efficiently modeled Oxytenanthera abyssinica's habitat suitability for current and future climate change scenarios. The spatial resolution also made it much easier for the model to predict suitable habitats accurately. This research suggests that Oxytenanthera abyssinica's habitat suitability will increase for 2050 and 2070 under the moderate climate change scenario. In order to protect shifting from their niche, this study suggests incorporating future climate scenario into current restoration and conservation policies to protect ecologically sensitive species in the current habitat. In addition, the 
